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Supports of road viaducts or bridges are founded predominantly on piles. This is determined by the subsoil structure and the location 
of the designed object. In certain cases the selection of the pile system is also influenced by the neighboring buildings and 
infrastructure. The design for bridge foundation in such cases needs to be based on high quality geotechnical documentation. Although 
this criterion is specified in Eurocode 7: PN-EN 1997 parts 1 and 2, binding throughout Europe, including Poland, frequently 
geotechnical documentations are not very precise and do not present an accurate subsoil structure, leading to building disasters. Such a 
case is discussed in this paper. Identification of the structure of subsoil, on which the designed bridge was to be founded, was limited 
to rotary drillings, while strength and deformation parameters were determined on the basis of indicator characteristics eg. liquidity 
index or relative density index. The assessment of the effect of geotechnical properties on pile construction did not take into 
consideration the complex subsoil structure or hydrogeological conditions. The occurring failure was caused by the unexpected 
translocation of concrete masses in the subsoil in the course of formation of large-diameter piles. Additionally, concrete filling of the 
pile grid was by approx. 2700 m3 greater in comparison to the designed level and the amount necessary for appropriate pile 
construction. The analysis of causes of the failure in the protection sheet pile wall, constructed in the vicinity of the piles, includes the 
effect of the perception factor, specific properties of subsoil soils as well as tensed groundwater levels, organic soils, lignite and 





The problem of subsoil identification quality, discussed in this 
paper, concerns piles for foundation of a multispan bridge 
over a river, located in a site with difficult soil and water 
conditions in the zone of shallow deposiiton of cenozoic (Cz) - 
neogene (N) expansive clays. Neogene expansive limnic and 
marine clays (deposits of the epic continental reservoir (li-m)) 
cover a considerable area and constitute almost 50% of the 





Fig. 1. Occurrence of expansive soils in Poland 
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In common engineering practice there are soils with 
advantageous geotechnical properties, generally of semi-stiff 
or hard-plastic state. This is a consequence of the routine and 
superficial approach to the geotechnical evaluation of subsoil, 
which does not include several specific genetic characteristics 
or anthropopressure in such deposits. Characteristics of 
parameters of Poznań expansive clays in Poland are presented 
in Table 1.  
 
Table 1. Physical parameters of Polish expansive clays. 
 
Parameter Max. Medium Min. 
Swelling time - tp  (h) >340 
 
24 - 36 6 - 8 
Swelling pressure pc 
(kPa) 
1200 200-400 ~12 
Shrinkage - vo [%] 44.1 32-34 ~5 
Swelling moisture 
content - wc[%] 
137.0 80-99 38.2 
Shrinkage limit ws[%] 18.5 13.7 12.8 
Liquid limit wL [%] 148.5 82.1 45.6 
Swelling index vp [%] 62.0 21.7 5.6 
 
Preparation of a design for the bridge foundation under such 
geo-engineering conditions should be based on high quality 
geotechnical documentation [PN-EN 1997-1, PN-EN 1997-2]. 
Criteria specified in Eurocode 7: PN-EN 1997, parts 1 and 2, 
are not always included in Poland in practical results of a 
precise identification and accurate assessment of construction 
subsoil structure. Most typically a lack of an appropriate 
interpretation of testing results leads to the occurrence of 
problems in the object execution or operation and to a 
construction failure. Such a case of an excessive concrete 
consumption for the construction of piles of road bridge 
supports, caused by an inadequate recognition of subsoil 
structure [Kumor et al., 2012], is presented in this paper.  
 
CHARACTERISTICS OF THE OBJECT  
 
A multispan bridge with the total length of 720.74 m, 
including the adjacent flyovers, was founded on foundation 
blocks supported on drilled piles. The continuous suspension 
bridge with a concrete slab had 2 spans of 110+90 m in length. 
 
CHARACTERISTICS AND GEOTECHNICAL 
IDENTIFICATION OF SUBSOIL. A CONCEPT FOR 
BRIDGE FOUNDATION 
 
The subsoil structure was identified in two stages. The 
program of the first testing stage was specified by the object 
designer, while the second - by the construction contractor. In 
the first stage the subsoil structure was identified using 85 
exploratory drillings to a depth of 26.0 m and by CPTU static 
penetration tests. Type of geological profile is presented in 




Fig. 2. An example of geotechnical cross-sections in the 
subsoil of the bridge supports 
 
 
The following were found in the subsoil structure [Kumor, 
2008]: 
 
Glacial clays, fluvial and fluvio-glacial sands and gravels as 
well as Tertiary clays, lignite and locally organic deposits. 
Cohesive deposits were found in the state from plastic to hard-
plastic, while non-cohesive soils in the half-dense and dense 
state, locally loose. 
 
The occurrence of Quaternary and Tertiary tensed level of 
artesian waters. The level of underground waters could 
fluctuate in the annual cycle within the range of approx. 2 m. 
 
Within the framework of supplementary tests only additional 
exploratory drillings were performed by the same testing team. 
Supplementary tests did not yield new elements to the 
description of properties for soils found in the subsoil.  
In the program of the conducted testing the investment project 
was erroneously classified as geotechnical category II, while 
according to Eurocode 7 binding in Europe, including Poland, 
it should have been classified as geotechnical category III. In 
the latter category the scope of subsoil analyses should have 
been considerably extended [PN-EN ISO 14688-2:2006]. 
Neither of these two studies referred to the highly significant 
facts concerning artesian water pressure. These waters were 
found in the Tertiary layer horizon and the stone moraine 
pavement on the ceiling of Tertiary clays. At the stage of 
supplementary geotechnical tests an insufficient amount of 
attention was paid to the petrified lignite, water conditions of 
the accumulation ice marginal valley and its terraces, required 
for the adequate specification of the work regime as well as 
Strefa występowania iłów 
expansiveych 
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design, technological and construction conditions of the 
foundation piles.  
On the basis of the received geo-engineering documentation 
the designer assumed that the bridge could be founded on 
large-diameter drilled piles of 1.10 m in diameter for the 
intermediate pillar and on large-diameter drilled piles of 1.60 
m in diameter for the pylon, in a casing pipe, made from class 
B30 concrete of variable length and required nominal load-
carrying capacity. Eventually on the construction site piles of 
1800 mm - 800 mm in diameter were produced on site as 
drilled piles formed in the casing pipe (Fig. 4). It was not 
indicated in the specification what procedure should be 
adopted in the deep foundation on piles. The designer assumed 
geo-engineering data and geotechnical conclusions contained 
in the prepared documentation as the basis for the bridge 
foundation design. The applied technology should include 
appropriate preparation and soil stabilization within the zone 




Fig.  3. The design of  bridge foundation. The area of the 




VERIFICATION OF QUALITY OF PRODUCED PILES 
FOR BRIDGE SUPPORTS  
 
Concrete piles were performed using the tremie method. All 
piles were subjected to performance quality control. The 
following parameters were investigated in the course of the 
construction works: material quality, subsoil, performance and 
protection of the hole as well as pile formation with its 
continuity control. Moreover, hole depth and depth of the 
reinforcing cage were also checked accurate to +10 cm, while 
with the progress in the works the level of concrete mix in the 
hole, depth of the tremie pipe in the concrete mix,  the level of 
the suspension or water table, and the level of the bottom 
margin of the casing pipe were determined. 
The pipe base was always positioned in the foundation layer 
of fine-grained sands in the dense density state. Piles were 
produced according to the assumed design order in a manner 
assuring concrete setting in the previously produced pile. A 
grid of piles was surrounded by the sheet pile wall (Fig. 3).  
 
 
Fig. 4. The truncated drill bit for pile drilling 
 
In the course of hole drilling for one of the piles in the 
underclay layer of lignite and peat with interbeddings of clay, 
concrete admixtures contained in the bore dust were collected 
from the drill bit (Fig. 5). 
 
 
Fig.5. Concrete found in the underclay layer of lignite in the 
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Tests of Pile Continuity and Length     
  
Tests determining pile continuity and length were conducted 
by a specialist company for 20 selected drilled piles of 1800 
mm in diameter. As a result of these tests it was found that 
measured piles of 1800 mm in diameter have lengths 
indicating the maintenance of design and actual lengths. 
The course of stress waves in the course of the in-situ test 
showed irregularities in pile diameter. Loading test showed 
that the condition of the boundary load-bearing limit specified 
in the design was met. 
 
 
ANALYSIS OF CAUSES FOR FAILURE AND 
EXCESSIVE CONCRETE CONSUMPTION IN PILE 
FORMATION  
 
In the course of pile formation a greater concrete volume was 
used than it had been assumed in the design. The difference 
between the assumed and actual concrete consumption for 
individual objects was as follows: flyover: 512.9 m3 concrete; 
bridge: 190.4 m3 concrete; bridge supports –2182.6 m3 
concrete; overpass –27.4 m 3 concrete. 
The total difference in concrete consumption was as high as 
2 723.00 m3 concrete, which means an average increase in 
concrete consumption by 22.2%.  
One of the bridge supports was located on the southern terrace 
at the river bank, only several meters away from the water 
line. The support was founded under the most adverse 
hydrological and hydrogeoengineering conditions on vertical 
and slanted piles. The pile base reaches deep under the river 
bottom and channel. Such a situation promotes concrete 
migration. In that zone concrete flows to the underclay layer 
were detected, located at a depth of 11.5 m to the sand ceiling 
(Fig. 2), concrete pressure caused cracks in the sheet pile wall 
and concrete flow through the no longer leak-proof sheet pile 
wall into the support subsoil ( Figs. 6 and 7).  
 
Fig. 6. An example of outflow of concrete from formed piles. 
Fig. 7. Openings  and cracks in sheet pile walls in the stone 
moraine pavement zone 
Factors Resulting in Excess Concrete Consumption in the 
Course of Pile Forming 
The primary group of factors influencing the occurrence of a 
greater concrete consumption in the pile formation process 
than that specified in the design documentation includes: 
natural factors and causes; the human factor [Młynarek, 2009; 
van Staveren, 2006], technical errors or negligence; a lack of 
commonly available knowledge on the complex soil and water 
conditions in the area of the object location; others, e.g.  
connected with unpredictable circumstances of natural origin 
or connected with the underground infrastructure of the site. 
 
Natural factors and causes.  The first group of factors 
comprises first of all natural conditions of the subsoil, 
connected with its genesis, i.e. geo-engineering and 
hydrogeological conditions, as well as the complexity of 
geotechnical conditions. The degree of identification of the 
subsoil geological structure was insufficient and did not 
reflect the difficult and varied conditions for the foundation 
of engineering structures. Disturbance of the natural layer 
structure as a result of the engineering intervention promoted 
plasticification of the cohesive and organic subsoil. Highly 
cohesive deposits, particularly expansive clays in the hard-
plastic state, are characterized by dynamic susceptibility to 
changes in moisture content under the influence of multi-
plane contact with water. Layers and interbeddings of peat, 
lignite and clay warps are particularly dangerous in terms of 
volume destruction. 
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Fig. 8. The area of greatest concrete leakage from formed 
piles in support no. 7, part A. 
 
For one of the bridge supports (Fig. 8) calculations were 
performed concerning potential concrete absorption by the 
organic soil layer within the outline of the supports enclosed 
in the sheet pile wall. This layer contained stones and 
boulders. It could be relatively easily displaced by the 
concrete pressed under static pressure. The estimated 
maximum volume of absorbed concrete was 1210 m3. It 
results from the calculations that absorption by the organic 
soil layer of the entire or even 50% volume of additionally 
used concrete for the formation of piles in individual 
fragments of the bridge foundation would not be possible. 
Thus it may be assumed that concrete must have filled in 
another way and another manner all these subsoil spaces, 
which had been disturbed as a result of drilling and sheet pile 
wall leakage. The presence of concrete in organic soils and in 
admixtures of stones in the moraine pavement outside the 
outlines of the sheet pile wall was detected in the course of 
verification tests (Figs. 6 and 7).  
Summing up this group of factors it may be stated that the 
directed migration of concrete outside the formed drilled pile 
could have occurred towards the river. Such a possibility is 
also indicated by the geological profile cross-section (Fig. 2.)    
 
The human factor, technical errors or negligence.   Technical 
errors include failure to provide full leak tightness of the 
sheet pile wall and the formation of open spaces in the soil 
masses promoting concrete leakage, with such a possibility 
documented by Figs. 8. The fact of the sheet pile wall 
opening at hammering does not results from negligence on 
the part of the contractor, but it was caused by  natural 
obstacles in the subsoil in the form of the moraine pavement 
stones and the residue of the outwashed moraine. 
 
A lack of commonly available knowledge on the complex soil 
and water conditions in the area of the object location.  In 
view of the above mentioned factors, which could have led to 
excessive concrete consumption in pile formation in the 
subsoil of bridge supports, the basic problem appeared, 
connected with the question whether at the stage of design 
and construction of the object archive materials had been 
available informing the designer on the exceptionally 
complex hydro-engineering conditions in the object 
foundation zone. A priori knowledge on that fact would have 
made it possible for the investor to prepare a highly detailed 
geotechnical documentation comprising an extended scope of 
tests. In the general evaluation of such situations in Poland it 
may be stated that there are scarce archive materials 
available, concerning subsoil structure in riverside locations. 
A lack of such information has caused several other 
construction failures in Poland. 
 
Factors connected with unpredictable circumstances of 
natural origin.  The effect on the direction of concrete 
migration during pile formation seems to have been also 
caused by the close vicinity of the supports on both river 
banks to the present river channel as well as the tectonics of 
subsoil layers in the river valley and the riverside zone. The 
arrangement of layers is an adverse factor in this case and the 
subsoil is composed mainly of stratified, unconsolidated soils 
of poor load-carrying capacity and non-petrified lignites. The 
state and tectonic arrangement of the soil masses may 
promote the generation of high flow pressure not only by 
waters of the first horizon, but also artesian pressure of the 
engineered horizon, with pressure-generating layers 
potentially contributing to the displacement of weak layers. 
Such a situation may promote the opening of spaces for 
concrete migration towards the river channel and bottom. 
Another problem in the group of these factors is connected 
with the historical knowledge and data on the underground 
infrastructure, particularly the cross-section of the sewerage 
system and former waterways. According to data from the 
late 17th century, in the area of the bridge support site there 
were arms of the river and a port (Fig. 9). This element was 
not taken into consideration in any of the design studies. We 
may not exclude an effect of the existing sewerage system or 
its remnants on the privileged concrete migration paths.  
 
 
Fig. 9. The location of the bridge support according to a  map 
from 1800 with former timber port  and watercourses. 
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CONCLUDING REMARKS  
 
On the basis of the conducted analysis, results of specialist 
studies and supplemented knowledge on the geo-engineering 
conditions in the tested subsoil it may be stated that the 
failure, consisting in the excessive concrete consumption for 
pile formation exceeding by approx. 2700 m3 the assumed 
level, was a consequence of insufficient geo-engineering 
identification and geotechnical evaluation of the subsoil 
structure characterized by low precision and ambiguity. An 
additional factor may be considered to be the complex subsoil 
structure and the location of the object in the ice marginal 
valley zone. 
Identification of the subsoil structure for the designed bridge 
supports was limited to rotary drillings, while strength and 
deformation parameters of soils were determined on the basis 
of indicator characteristics. Indicator characteristics, which 
include relative density index and liquidity index, constituted 
the basis for the determination of the above mentioned 
strength and deformation parameters. The evaluation of the 
effect of geotechnical conditions on piling works did not 
include expansive properties of the clay zone or the deposition 
of overconsolidated lignites and stone pavement in the subsoil 
as well as the hydrogeological conditions. 
The starting point for the inaccurate evaluation of the subsoil 
structure and its properties was connected with the 
classification of the geotechnical category according to the 
currently binding Eurocode 7. The geotechnical classification 
determines the program of geotechnical tests and the 
identification of hydrogeological conditions. 
At the stage of design geotechnical category II was adopted, 
which for the analyzed investment project and the stated actual 
geotechnical conditions was inadequate for the safe foundation 
for this object and the degree of complexity of the soil and 
water conditions. According to the Polish standards and 
Eurocode-7, it would have been proper to assume geotechnical 
category III. In that category it would have been required for 
this object to perform additional hydrogeological studies along 
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